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(54) Optical information recording medium and information recording method and apparatus 
using the recording medium 



(57) An optical information recording method includ- 
ing: irradiating a recording medium (11) with laser light, 
wherein 0 signals having width nT are recorded or re- 
written using continuous laser light having a power level 
Pe, and 1 signals having width nT are recorded or re- 
written using a light pulse train having a first pulse por- 
tion fp having power Pw and width xT (T: clock time), a 
multi-pulse portion mp in which a number (n-n') of high 



level pulses each having power Pw 1 and width yT, and, 
if (n-n*) > 1 , a low level pulse which has power Pb and 
width (1-y)T are applied, and an end pulse portion ep 
having power Pb' and width zT, wherein n and n' are a 
positive integer (n>n'), and wherein each of Pw and Pw' 
is greater than Pe, Pe is greater than each of Pb and 
Pb', and at least one of x, y and z is in a range as follows: 
0.35^x^0.75, 0.30^y^0.55, 0.35^z^0.70. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[00011 present invention relates to an optical in- 
formation recording medium, and more particularly to a 
phase-change optical information recording medium in 
which information is recorded, reproduced and rewritten 
by changing an optical property of a material in the re- 
cording layer thereof by irradiating the recording layer 
with a laser light beam. In addition, the present invention 
also relates to an information recording method and ap- 
paratus using the optical information recording medium. 

DISCUSSION OF THE RELATED ART 

[0002] Various optical information recording media 
capable of recording and reproducing information upon 
irradiation of laser light thereto have been developed 
and used. Specific examples of such optical information 
recording media include CD-Rs and DVD-Rs, in which 
information can be written once, and CD-RWs, 
DVD-RWs, DVD-RAMs, MDs and MO disks, in which 
information can be rewritten. These optical information 
media are removable and therefore the demand therefor 
has been increasing year by year 
[0003] Among these optical information recording 
media, CD-RWs, DVD-RWs, DVD-RAMs, etc. use 
phase-change materials in their recording layers, i.e., 
utilize changes between a crystal phase and non-crystal 
phase or between crystal phases. Particularly, magne- 
to-optical memories such as MDs and MO disks have 
advantages such that overwriting can be performed us- 
ing a single light beam, and in addition the optical sys- 
tems of the record/reproduction devices which record 
and reproduce information in the magneto-optical mem- 
ories are simple. Therefore the demand for these optical 
information recording media has been increasing. 
[0004] In general, when information is recorded in a 
phase-change information recording medium, a pulse 
strategy in which the power level of the laser light used 
for recording and rewriting is changed so as to be three 
levels is used. When multi-speed recording and CAV 45 
(constant angular velocity) recording in which informa- 
tion is recorded in a recording medium at different linear 
speeds are performed using this pulse strategy, the en- 
ergy needed for heating the recording layer of the re- 
cording medium to a predetermined temperature in high so 
linear speed recording is greater than that in low linear 
speed recording, and therefore recording conditions in 
high linear speed recording have to be different from 
those in low linear speed recording. Accordingly, needs 
exist for techniques in which the recording power is in- 55 
creased in high linear speed recording, and/or the run- 
ning time for a high level pulse having a power level Pw 
in a mp portion is lengthened in the high linear speed 



recording, to properly record information in a recording 
medium even when recording speed is changed, i.e., to 
record information having good recording properties in 
a recording medium. 

[0005] In this case, the suitable recording conditions 
change depending on the materials used for the record- 
ing medium and construction of the recording medium. 
Therefore a technique is used for CD-RWs in which suit- 
able recording conditions at each of the linear recording 
speeds, 1X (i.e., 1 .2 m/s), 4X (4.8 m/s) and 10X (12 m/ 
s) are input therein such that the recording devices can 
properly set the recording conditions using this informa- 
tion. 

[0006] However, when such a technique is used, at 
first the suitable recording power and/or suitable record 
pulse strategy are determined for each linear recording 
speed and then suitable recording conditions have to be 
set for each linear recoding speed. Therefore, In CAV 
recording in which linear recording speed is continuous- 
ly changed as the recording point moves in a diameter 
direction of a recording medium, the setting of suitable 
recording conditions is very difficult. Therefore, a need 
exits for a recording method in which information in good 
condition can be recorded even in such a case. Alterna- 
tively, a need exists for an optical information recording 
medium in which information in good condition can be 
recorded independently of the linear recording speed. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention 
is to provide an optical information recording medium in 
which information having good signal properties can be 
recorded even when used for recording methods such 
as multi-speed recording and CAV recording in which 
information is recorded at different linear recording 
speeds. 

[0008] Another object of the present invention is to 
provide an information recording method and apparatus 
in which information having good signal properties can 
be recorded in an optical recording medium even when 
changing the recording speeds. 
[0009] To achieve such an object, the present inven- 
tion contemplates the provision of an optical information 
recording method Including the steps of: 

providing a phase-change optical recording medi- 
um which at least has a transparent substrate hav- 
ing at least one of concentric grooves and a spiral 
groove and a phase-change recording layer located 
overlying the transparent substrate; and 
irradiating the recording layer with a laser light 
beam to record or rewrite information in the phase- 
change optical recording medium by mark edge re- 
cording; 

wherein a 0 signal having a signal width nT (T is 
a clock time) is recorded or rewritten using continuous 
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laser light having a power level Pe, and a 1 signal having 
a signal width nT is recorded or rewritten using a pulse 
train which has a first pulse portion fp having a power 
level Pw and a pulse width xT, a multi pulse portion mp 
in which a number (n-n') of high level pulses each having 
a power level Pw' and a pulse width yT, and, if (n-n') > 
1 , a low level pulse which is located between two of the 
high level pulses and has a power level Pb and a pulse 
width (1-y)T are applied, and an end pulse portion ep 
having a power level Pb 1 and a pulse width zT, wherein 
each of n and n' is independently a positive integer and 
n is not less than n\ and wherein each of Pw and Pw 1 is 
greater than Pe, Pe is greater than each of Pb and Pb', 
and at least one of x, y and 2 is in a range as follows: 

0.35 ^ X ^ 0.75, 0.30 ^ y ^ 0.55, 0.35 ^ z ^ 0.70. 

[0010] It is preferable that the irradiating step is per- 
formed while the optical information recording medium 
rotates at a linear speed of from V m/s to 3 V m/s, where- 
in V is from 3 to 13. 

[0011] The at least one of concentric grooves and a 
spiral groove is wobbled in a radium direction of the op- 
tical information recording medium at a period of from 
4.0 \im to 4.6 nm. 

[0012] It is preferable that the at least one of x, y and 
z is fixed at a fixed value in the above-mentioned range 
using information stored in the optical information re- 
cording medium. 

[0013] In addition, the power levels Pw, Pw\ Pe, Pb, 
and Pb' are preferably controlled such that the recorded 
signals have-a jitter o7T not greater than 9 %, a modu- 
lation degree not less than 0.55 and a reflectance not 
less than 16 % when the recorded signals are repro- 
duced, r 

[0014] In another aspect of the present invention, an 
optical information recording apparatus is provided 
which includes a disk drive configured to rotate an opti- 
cal information recording medium, a laser driving circuit 
configured to emit a laser light pulse, and a pickup con- 
figured to irradiate the recording medium with the laser 
light pulse using mark edge recording to record or re- 
write information in the recording medium, wherein the 
laser driving circuit emits the laser light pulse by the op- 
tical information recording method mentioned above. 
[0015] Preferably the pickup irradiates the optical in- 
formation recording medium while the disk drive rotates 
the optical information recording medium at a linear 
speed of from V to 3V m/s, wherein V is from 3 to 13. 
The optical information recording medium preferably 
has at Jeast one of concentric grooves and a spiral 
groove, which are wobbled in a radius direction of the 
optical information recording medium at a period of from 
4.0 \xm to 4.6 nm. wherein the pickup irradiates the op- 
tical information recording medium with the laser light 
along the at least one of concentric grooves and a spiral 
grooves. 

[0016] In addition, it is preferable that the pickup 



4 

reads information stored in the optical information re- 
cording medium to fix the at least one of x, y and z at a 
fixed value in the above-mentioned range. 
[0017] Further, the power levels Pw, Pw', Pe, Pb, and 
s Pb' are preferably controlled such that the recorded sig- 
nals have a jitter a/T not greater than 9 %, a modulation 
degree not less than 0.55 and a reflectance not less than 
16 % when the recorded signals are reproduced. 
[0018] In yet another aspect of the present invention, 
io a phase-change optical information recording medium 
is provided which is for use in the optical information 
recording method and/or apparatus, wherein the optical 
information recording medium includes a transparent 
substrate having at least one of concentric grooves and 
15 a spiral groove, a lower protective layer located overly- 
ing the transparent substrate, a phase-change record- 
ing layer located overlying the lower protective layer, an 
upper protective layer Jocated overlying the recording 
layer, a reflection layer located overlying the upper pro- 
20 tective layer and an overcoat layer located overlying the 
reflection layer, and wherein a 0 signal and a 1 signal 
are recorded or rewritten along the at least one of con- 
centric grooves and a spiral groove by the above-men- 
tioned optical information recording method. 
25 [0019] It is preferable that the recording medium 
stores information, wherein the 1 signal is recorded or 
rewritten while the at least one of x, y and z is at a fixed 
value in the range thereof using the information to easily 
set the recording conditions, resulting in high-speed and 
30 high-precision recording. 

[0020] In addition, it is preferable that the at least one 
of concentric grooves and a spiral groove is wobbled in 
a radius direction of the recording medium at a period 
of from 4.0 urn to 4.6 u,m to impart good reproduction 
35 compatibility to the recording medium. 

[0021] Further, it is preferable that the recorded sig- 
nals have a jitter a/T not greater than 9 %, a modulation 
degree not less than 0.55 and a reflectance not less than 
1 6 % when the recorded signals are reproduced, by con- 
40 trolling the power levels Pw, Pw\ Pe, Pb, and Pb'. 

[0022] Preferably, the recording layer includes at least 
one element of Ag and Ge, at least one element of In 
and Ga, Sb and Te such that contents of a total of Ag 
and Ge, a total of In and Ga, Sb and Te are a, p, 7 and 
*s b atomic %, respectively, wherein a+^i-y^6 = 100, and 
wherein 0<ai6 1 2sps8 ) 60^7^72 and 22 ^ 6 
=i27. 

[0023] The optical information recording medium may 
further include a second single plate disk overlying the 
so overcoat layer, wherein the second single plate disk in- 
cludes a structure similar to the first-mentioned single 
plate disk. 

[0024] The phase-change recording layer, lower pro- 
tective layer, upper protective layer and reflection layer 
55 preferably have a thickness of from 10 nm to 50 nm, 
from 60 nm to 1 20 nm, from 5 nm to 45 nm and from 50 
nm to 200 nm, respectively. 

[0025] These and other objects, features and advan- 
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tages of the present invention will become apparent up- 
on consideration of the following description of the pre- 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

Fig. 1 is a schematic view for explaining how laser 
light is irradiated to the phase-change optical infor- 
mation recording medium of the present invention 
to record and rewrite information therein; 
Fig. 2 is a schematic view illustrating a main portion 
of an embodiment of the optical information record- 
ing apparatus of the present invention; 
Fig. 3 is a graph illustrating the relationship between 
a pulse width of the first pulse portion fp and a jitter 
o fT of reproduced signals; 

Fig. 4 is a graph illustrating the relationship between 
a pulse width* of the multi-pulse portion mp and a 
jitter o fT of reproduced signals; 
Fig. 5 is a graph illustrating the relationship between 
a pulse width of the end pulse portion ep and a jitter 
property o/T of reproduced signals; and 
Fig. 6 is a schematic view illustrating the cross sec- 
tion of an embodiment of the optical information re- 
cording medium of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] At first, the method of recording and reproduc- 
ing information in the phase-change optical information 
recording medium of the present invention will be ex- 
plained in detail. 

[0028] Fig. 2 is a schematic view illustrating a main 
portion of an embodiment of the optical information re- 
cording apparatus of the present invention. As shown in 
Fig. 2, an optical information recording medium 11 
(hereinafter referred to as a recording medium) is rotat- 
ed by a disk drive 12 including a spindle motor. A laser 
diode is driven by a laser driving circuit 14 to emit laser 
light. The emitted laser light is irradiated by record/re- 
production pickup 13 through an optical system. The la- 
ser driving circuit 1 4 controls the laser light such that the 
laser light is emitted according to the pulse strategy hav- 
ing fp, mp and ep portions as illustrated in Fig. 1 . To 
irradiate the recording layer of the recording medium 
with laser light causes a phase change in the recording 
layer. Thus information is recorded therein. The infor- 
mation can be reproduced by irradiating the recording 
medium with laser light and receiving the reflected light 
by the pickup. 

[0029] In the present invention, information recording 
is performed by so-called PWM recording (i.e., mark- 
edge recording) in which signals are recorded in the re- 
cording layer by changing the width of record marks. 



The signals to be recorded are recorded by a clock in a 
modulation section using a method such as EFM meth- 
ods (Eight-to-Fourteen Modulation) which are suitable 
for CD-RWs and modified EFM methods. 
5 [0030] In the PWM recording, a 0 signal having a sig- 
nal width of nT after being modulated is recorded and 
rewritten using continuous light having a power level of 
Pe, wherein n represents a predetermined value andT 
represents a clock time which is the period of a clock 
10 used for modulating the signal). A 1 signal having signal 
width of nT after being modulated is recorded and re- 
written using a pulse train which has a first pulse portion 
fp having a power level Pw and a pulse width xT, a multi- 
pulse portion mp in which a number (n-n') of high level 
*5 pulses each having a power level Pw 1 and a pulse width 
yT, and, if (n-n') > 1 , a low level pulse which is located 
between two of the high level pulses and has a power 
level Pb and a pulse width (1-y) T are applied (n-n') 
times, and an end pulse portion ep having a power level 
20 Pb" and a pulse width zT, wherein each of n and n' is 
independently a positive integer and n is greater than 
n\ and each of the power levels Pw and Pw' is greater 
than Pe and Pe is greater than each of Pb and Pb*. 
[0031] In the embodiment as shown in Fig. 1 , n is 4 
25 and n' is 2. 

[0032] When information is recorded in the recording 
medium of the present invention at a linear recording 
speed of V m/s using this recording method, the jitter a/ 
T of the reproduced signals of the recorded information 
30 jd not greater than 9 % (namely, good reproduction com- 
patibility can be secured) if the following relationships 
are satisfied: 

0.25 <x£0.8 (as can be understood from Fig. 3), 
0.25 ^ y ^ 0.55 (as can be understood from Fig. 
4), and 

0.35 ^ z ^ 1 .3 (as can be understood from Fig. 5). 

[0033] When information is recorded in the recording 
medium of the present invention at a linear recording 
speed of 3Vm/s using this recording method, the jitter 
property oYT of the reproduced signals of the recorded 
information is not greater than 9 % if the following rela- 
tionships are satisfied: 

0.35 ^ x ^ 0.75 (as can be understood from Fig. 3), 
0.30 ^ y ^ 0.60 (as can be understood from Fig. 
4), and 

0.10 ^ z ^ 0.7 (as can be understood from Fig. 5). 

[0034] When these conditions are satisfied, the mod- 
ulation degree of the reproduced signals is not less than 
0.55 and the reflectance thereof is not less than 16 %. 
Namely, an optical information recording medium in 
which the recorded information can be securely repro- 
duced by reproduction -only devices. 
[0035] Therefore, when information is recorded at any 
one of the linear speeds of V m/s and 3V/m, the repro- 
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duced signals have a jitter not greater than 9 %, a mod- 
ulation degree not less than 0.55 and a reflectance not 
less than 1 6 % if the following relationships are satisfied: 

0.35 ^ x ^ 0.75 (as can be understood from Fig. 3), 
0.30 ^ y ^ 0.55 (as can be understood from Fig. 
4), and 

0.35 ^ z ^ 0.70 (as can be understood from Fig. 5). 

[0036] Namely, even when information is recorded in 
the recording medium at any linear speed of from V to 
3V rn/s, the recording medium has good reproduction 
compatibility (i.e., the recorded information can be well 
reproduced by reproduction-only devices) if the above- 
mentioned relationships are satisfied. 
[0037] Then the recording medium of the present in- 
vention will be explained. 

[0038] Fig. 6 is a schematic view illustrating the cross 
section of an. embodiment of the optical information re- 
cording medium of the present invention. 
[0039] The recording medium has a transparent sub- 
strate 1 , which has a spiral guide groove periodically 
wobbled in a radius direction of the recording medium, 
and a lower protective layer 2, a recording layer 3, an 
upper protective layer 4, a reflection layer 5 and an over- 
coat layer 6 which are overlaid on one side of the trans- 
parent substrate 1 one by one in this order. A print layer 
8 may be formed on the overcoat layer 6, and a hard 
coat layer 7 may be formed on the other side of the trans- 
parent substrate 1 , At this point, the combination of the 
substrate 1 . lower protective layer 2, recording layer 3, 
upper protective layer 4, reflection layer 5 and an over- 
coat layer 6, and optionally the print layer 8 and hard 
coat layer 7 is referred to as a single plate disk 1 0. 
[0040] In addition, a second transparent substrate 1* 
may be formed on the print layer 8 with an adhesive lay- 
er 9 therebetween. The transparent substrate 1 ' can be 
replaced with a second single plate disk 1 0\ I n this case, 
the single plate disk 10 having no print layer 8 can be 
formed on the overcoat layer 6 or the print layer 8 with 
the adhesive layer 9 therebetween and then a second 
print layer 8' may be formed thereon. 
[0041] Specific examples of the materials for use as 
the transparent substrates 1 and V include glass, ce- 
ramics, and resins. Among these materials, resins are 
preferable in view of moldabllity and manufacturing 
costs. Specific examples of the resins for use as the 
transparent substrates 1 and 1 ' include polycarbonate 
resins, acrylic resins, epoxy resins, polystyrene resins, 
acrylonitrile-styrene copolymers, polyethylene resins, 
polypropylene resins, silicone resins, fluorine-contain- 
ing resins, ABS resins, urethane resins, etc. Among 
these resins, polycarbonate resins and acrylic resins are 
preferably used because of having good moldability, 
good optical properties and low costs. 
[0042] Suitable phase-change materials for use in the 
recording layer include materials including Sb and Te 
which can change their phase from a crystal phase to 



an amorphous phase or vice versa, i.e., wherein the 
crystal phase and amorphous phase are in a stable state 
or a semi-stable state. This is because these materials 
have good recording sensitivity (i.e., the phase can be 

5 changed at a high speed from a crystal phase to an 
amorphous state), good erasing sensitivity (i.e., the 
phase can be changed at a high speed from an amor- 
phous phase to a crystal state) and good erasure ratio. 
[0043] By including one or more of elements such as 

10 Ga, Ge, Ag, In, Bi, C, N, O, Si and S into the SbTe re- 
cording materials, the recording sensitivity, erasing sen- 
sitivity, signal properties and reliability of the recording 
materials can be improved. Specifically, it is preferable 
to include one or more of the above-mentioned ele- 

15 ments in a SbTe material and adjust the formula of the 
recording material, such that information can be record- 
ed In the resultant recording material in a desired re- 
cording speed range and the recorded signals can be 
stably reproduced and have a long life (i.e., good relia- 

20 bility). 

[0044] In order that information is recorded in the re- 
cording medium of the present invention at a linear re- 
cording speed of from 3 to 9 m/s, recording materials 
including at least one of Ag and Ge, at least one of In. 
25 and Ga, Sb and Te are preferably used. In addition, the 
contents of the elements are preferably as follows: 

(Ag/Ge):(ln/Ga):Sb:Te = a : 0 : y : 5 

30 wherein the total of a, 0, 7 and 6* is 1 00 (atomic %), and 
wherein a, 0, y and 8 have the following relationship: 

0 < a ^ 6, 2 ^ 0 m 8, 60 ^ y ^ 72 and 22 ^ 5 ^ 27. 

35 [0045] The recording materials having such a formula 
have advantages such that the recorded signals can be 
stably reproduced and have a long life. 
[0046] When the formula of the recording material is 
out of the above-mentioned range, the jitter of reproduc- 

40 tion signals tends to exceed 9 % when information is 
overwritten (i.e., the reproduction stability deteriorates) 
and in addition the reliability of the recorded signals de- 
teriorates when preserved for a long period of time. 
[0047] The thickness of the recording layer is prefer- 

45 ably from 10 to 50 nm, more preferably from 12 to 30 
nm, and even more preferably from 1 4 to 25 nm, in view 
of initial jitter property, overwriting properties and pro- 
ductivity. When the recording layer is too thin, light ab- 
sorption ability of the recording layer seriously deterio- 

50 rates and therefore the recording layer does not func- 
tion. In contrast, when the recording layer is too thick, a 
uniform phase change cannot be performed at a high 
speed. 

[0048] The recording layer can be formed by a meth- 
55 od such as vapor-phase growth methods (e.g., vacuum 
vapor deposition methods, sputtering methods, plasma 
CVD methods, light CVD methods, ion plating methods, 
electron beam deposition methods, etc.) Among these 
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methods, sputtering methods are preferable because 
the sputtering methods have good productivity and can 
produce a recording layer having good film properties. 
[0049] The recording layer is sandwiched by the lower 
and upper protective layers. Suitable materials for use 
in the lower and upper protective layers include metal 
oxides such as SiO, Si0 2 , ZnO, Sn0 2 , Al 2 0 3 , Ti0 2 , 
ln 2 0 3 , MgO and Zr0 2 , nitrides such as Si 3 N 4 , AIN, TIN, 
BN and ZrN, sulfides such as ZnS, ln 2 S 3 and TaS 4 , car- 
bides such as SiC, TaC, BC, WC : TiC and ZrC, and dia- 
mond-like carbon. These materials can be used alone 
or in combination. In addition, impurities may be con- 
tained in the materials. Further, each of the lower and 
upper protective layers may be a single layer or a multi- 
layer in which two or more layers are overlaid. The lower 
and upper protective layers preferably have a melting 
point higher than the melting point of the recording layer. 
[0050] The lower and upper protective layers can be 
formed by one of the methods mentioned above for use 
in the recording layer. 

[0051] The thickness of the lower protective layer in- 
fluences on the reflectance, modulation and recording 
sensitivity of the resultant recording medium. In order to 
prepare a recording medium having good signal prop- 
erties, the thickness of the lower protective layer is pref- 
erably from 60 nm to 120 nm. 

[0052] The thickness of the upper protective layer is 
preferably from 5 nm to 45 nm and more preferably from 
7 nm to 40 nm. When the upper protective layer is too 
thin, the layer does not function as a heat resistant layer, 
and in addition the recording sensitivity deteriorates. In 
contrast, when the upper protective layer is too thick, 
the layer tends to peel from the recording layer and/or 
the reflection layer and in addition repeat recording 
properties also deteriorate. 

[0053] Suitable materials for use in the reflection layer 
include metals such as Al, Au, Ag, Cu, Ta, Ti and W and 
metal alloys of the metals. In order to improve the cor- 
rosion resistance and electroconductivity of the reflec- 
tion layer, one or more elements such as Cr, Ti, Si, Cu, 
Ag, Pd andTa are preferably added to the reflection lay- 
er in an amount of from 0.3 to 2 atomic %. When the 
addition amount of the elements is too small, the effect 
of imparting corrosion resistance to the layer is hardly 
produced. In contrast, the addition amount is too large, 
the heat conductivity seriously increases and in addition 
it is hard for the recording layer to achieve an amor- 
phous state. 

[0054] The reflection layer can be formed by any one 
of the vapor-phase growth methods mentioned above 
for use in the recording layer. 

[0055] The thickness of the reflection layer is from 50 
nm to 200 nm, and preferably from 70 nm to 1 60 nm. 
The reflection layer may be a multi-layer. In this case, 
each of the multi layers preferably has a thickness not 
less than 10 nm, and total thickness of the multi-layer 
reflection layer is preferably from 50 nm to 160 nm. 
[0056] The overcoat layer is formed on the reflection 



layer to prevent the reflection layer from being oxidized. 
Ultraviolet crosslinking resins are typically used for the 
overcoat layer. The overcoat layer is typically formed by 
a spin coating method. The thickness of the reflection 
5 layer is preferably from 3 ujn to 1 5 um When the over- 
coat layer is too thin, the error rate in reading signals 
tends to increase if the print layer is formed on the over- 
coat layer. When the overcoat layer is too thick, the in- 
ternal stress of the layer seriously increases, and there- 
to by the mechanical properties of the disk are deteriorat- 
ed. 

[0057] The hard coat layer is typically formed by coat- 
ing an ultraviolet crosslinking resin by a spin coating 
method. The thickness of the hard coat layer is prefer- 

is ably from 2 u.m to 6 urn When the hard coat layer is too 
thin, good abrasion resistance cannot be imparted to the 
recording media (i.e., the transparent substrate) . In 
contrast, when the hard coat layer is too thick, the inter- 
nal stress of the layer seriously increases, and thereby 

20 the mechanical properties of the disk are deteriorated. 
It is preferable that the hard coat layer is not hurt when 
the surface of rubbed with a cloth, i.e., the hard coat 
layer preferably has a pencil hardness of H or harder 
when the hardness is evaluated by a method based on 

25 jis K5400. In addition, it is also preferable to add an 
eiectroconductive material in the hard coat layer to pre- 
vent the hard coat layer from charging, i.e., to prevent 
adhesion of dust to the layer. 

[0058] The print layer is formed to improve the abra- 

30 sion resistance of the recording medium, and to print 
characters and images such as trade names. In addi- 
tion, a receiving layer on which characters and/or imag- 
es are formed by an inkjet recording method or the like 
method may be formed as the print layer. The print layer 

35 is typically formed by coating an ultraviolet crosslinking 
resin using a screen printing method. 
[0059] The thickness of the print layer is preferably 
from 3 p.m to 50 u.m. When the print layer is too thin, the 
print layer is unevenly formed. When the print layer is 

40 too thick, the internal stress of the recording medium se- 
riously increases, and thereby the mechanical proper- 
ties of the recording medium are deteriorated. 
[0060] Suitable materials for use in the adhesive layer 
include ultraviolet crosslinking adhesives, hot melt ad- 

45 hesives, silicone adhesives, etc. The adhesive layer is 
typically formed on the overcoat layer or print layer by 
coating such an adhesive by a method such as spin 
coating, roll coating and screen coating methods. Then 
a transparent substrate or a single plate disk is adhered 

50 thereon while the adhesive layer (i.e., the combination 
disk) is subjected to an ultraviolet irradiation treatment, 
heating treatment and/or pressing treatment. 
[0061] The adhesive layer 9 may be coated on the 
second transparent substrate 1 ' (or the second single 

55 plate disk 10') and/or the print layer 8 (or the overcoat 
layer 6) of the single plate disk 10. 
[0062] In addition, an adhesive sheet can be used as 
the adhesive layer 9. 
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[0063] The thickness of the adhesive layer is not par- 
ticularly limited, but is preferably from 5 jim to 100 u,m 
in view of coating quality and crosslinklng property of 
the adhesive layer and mechanical properties of the 
disk. 

[0064] The area of a portion on which an adhesive is 
applied is not particularly limited. However, when the ad- 
hesive layer is applied to DVD and/or CD compatible 
optical Information recording media, the distance be- 
tween the inside end of the portion and the center of the 
recording media is preferably from 15 mm to 40 mm, 
and more preferably from 15 mm to 30 mm. 
[0065] Having generally described this invention, fur- 
ther understanding can be obtained by reference to cer- 
tain specific examples which are provided herein for the 
purpose of illustration only and are not intended to be 
limiting. 

EXAMPLES 

Example 1 

[0066] A polycarbonate substrate was formed by an 
injection molding method. The polycarbonate substrate 
had a spiral groove having a track pitch of 0.74 u,m, a 
depth of 25 nm, a width of 250 nm and a wobble period 
of 4.3 pm. On the polycarbonate substrate, a lower pro- 
tective layer of ZnS • Si02 having a thickness of 80 nm, 
a Ag 4 Ge 1 ln 8 Sb 60 Te 27 recording layer having a thick- 
ness of 15 nm, an upper protective layer in which a layer 
of ZnS • Si0 2 having a thickness of 15 nm and a layer 
of SiC having a thickness of 5 nm were overlaid, and a 
reflection layer of Ag having a thickness of 1 40 nm were 
formed in this order by sputtering. 
[0067] In addition, an overcoat layer was formed on 
the ref lectio rrlayer by coating an ultraviolet crosslinking 
resin by a spin coating method. Thus a phase-change 
single plate disk, which has a DVD-ROM reproduction 
compatibility, was formed. Another polycarbonate sub- 
strate (i.e., a second polycarbonate substrate) was ad- 
hered on the overcoat layer of the thus prepared single 
plate disk with an adhesive layer therebetween. A print 
layer was formed on the surface (i.e., the surface oppo- 
site to the adhesive layer) of the second polycarbonate 
substrate. 

[0068] Thus a laminated disk was prepared. 
[0069] Then the entire recording layer was crystal- 
lized using an initializer including a LD having a large 
beam diameter (200 x 1 u.m). 

[0070] Then information was recorded using signals 
having a width of from 3T to 14T (T: clock time) and an 
eight-to-sixteen modulation method (i.e., information 
was recorded according to DVD-ROM standards). Oth- 
er recording conditions are as follows : 

Pw=Pw'= 13.5mW, 

Pe = 7.2 mW, 

Pb = Pb* = 0.1 mW, 



X = 0.50, y = 0.45, z = 0.50 and 

[0071] Linear recording speed: 3 m/s. 
[0072] The reproduced signals had a jitter of 8.7%, a 
5 modulation degree of 0.672 and a reflectance of 20.2 %. 
[0073] Then recording was performed at a recording 
speed of 6 m/s. The reproduced signals had a jitter of 
8.5 %, a modulation degree of 0.660 and a reflectance 
of 19.6%. 

10 [0074] Further, recording was performed at a record- 
ing speed of 9 m/s. The reproduced signals had a jitter 
of 8.1 %, a modulation degree of 0.656 and a reflectance 
of 1 9.5 %. The above-mentioned properties were meas- 
ured using DDU-1000 manufactured by Pulstec Indus- 

15 trial, Co., Ltd. 

[0075] In addition, when the information recorded in 
the optical recording medium was reproduced by a 
DVD-ROM drive, the information can be reproduced 
without any problem. 

20 

Effects of the present invention 

[0076] In the information recording method of the 
present invention, information is recorded or rewritten 

25 in an optical information recording medium by PWM re- 
cording in which at least one of the widths of fp t mp and 
ep of recording pulses is specified, and therefore signals 
having good characteristics can be recorded even when 
multi-speed recording or CAV recording is performed, i. 

30 e., even when recording is performed at different 
speeds. Therefore reproduction compatibility can be im- 
proved, i.e., the recorded information can be well repro- 
duced by reproduction-only apparatus such as 
DVD-ROM drives. 

35 [0077] By fixing at least one of pulse widths (namely, 
x, y andz), setting of the pulse strategy can be simplified 
even when recording is performed at different recording 
speed. 

[0078] By controlling the pulse power levels (namely, 
40 Pw, Pw 1 , Pb, Pb' and Pe), signals having good repro- 
ducing characteristics can be recorded and therefore re- 
production compatibility can be improved. 
[0079] In addition, the optical information recording 
apparatus of the present invention records information 
45 in a phase-change information recording medium using 
the Information recording method mentioned above and 
therefore the recording apparatus has good reproduc- 
tion .compatibility. 

[0080] Further, the optical information recording me- 
50 dium of the present invention has good signal reproduc- 
tion property and good preservation, reliability; and 
therefore recorded information can be well reproduced 
by reproduction-only devices (i.e., the recording medi- 
um has good reproduction compatibility with reproduc- 
es tion-only devices) even when the recorded information 
is preserved for a long period of time. 
[0081] Additional modifications and variations of the 
present invention are possible in light of the above 
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teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be 
practiced other than as specifically described herein. 
[0082] This document claims priority and contains 
subject matter related to Japanese Patent Application 5 
No. 2001 -1 08341 , filed on April 6, 2001 , the entire con- 
tents of which are herein incorporated by reference. 



1. 



2. 



3. The optical information recording method according 
to Claim 1 or 2, wherein the at least one of concen- 



tric grooves and a spiral groove is wobbled in a ra- 
dius direction of the optical information recording 
medium (1 1 ) at a period of from 4.0 \im to 4.6 ixm. 

4. The optical information recording method according 
to any one of Claims 1 to 3, further comprising read- 
ing information stored in the optical information re- 
cording medium (11) to fix the at least one of x, y 
and z at a fixed value in the range thereof. 

5. The optical information recording method according 
to any one of Claims 1 to 4, wherein the 0 signal 
and 1 signal are recorded or rewritten while the 
power levels Pw, Pw\ Pe, Pb and Pb' are controlled 
such that the recorded or rewritten signals have a 
jitter o7T not greater than 9 %, a modulation degree 
not less than 0.55 and a reflectance not less than 
1 6 % when the recorded or rewritten signals are re- 
produced. 

6. An optical information recording apparatus com- 
prising: 

a disk drive (12) configured to rotate an optical 
information recording medium (11), wherein the 
optical information recording medium (11) in- 
cludes a transparent substrate (1) having at 
least one of concentric grooves and a spiral 
groove and a phase-change recording layer (3) 
is located overlying the transparent substrate 

d); 

a laser driving circuit (1 4) configured to emit la- 
ser light pulse; and 

a pickup (13) configured to irradiate the optical 
information recording medium (11) with the la- 
ser light pulse emitted by the laser driving cir- 
cuit (14) using mark edge recording to record 
or rewrite information in the phase-change re- 
cording layer (3) along the at least one of con- 
centric grooves and a spiral groove, 

wherein a 0 signal having a signal width nT is 
recorded or rewritten using continuous laser light 
having a power level Pe, and a 1 signal having a 
signal width nT is recorded or rewritten using a light 
pulse train which has a first pulse portion fp having 
a power level Pw and a pulse width xT, a multi -pulse 
portion mp in which a number (n-n') of high level 
pulses each having a power level of Pw' and a pulse 
width yT, and, if (n-n') > 1, a low level pulse which 
is located between two of the high level pulses and 
has a power level Pb and a pulse width (1-y)T are 
applied, and an end pulse portion ep having a power 
level Pb' and a pulse width zT, wherein T is a clock 
time, each of n and n' is independently a positive 
integer and n is greater than n\ and wherein each 
of Pw and Pw' is greater than Pe, Pe is greater than 
each of Pb and Pb', and at least one of x, y and z is 



An optical information recording method compris- 
ing: 

irradiating a phase-change recording layer (3) 15 
of an optical information recording medium (11) 
with a laser light beam to record or rewrite in- 
formation in the phase-change recording layer 
(3) by mark edge recording, wherein the optical 
information recording medium (11) includes a 20 
transparent substrate (1) having at least one of 
concentric grooves and a spiral groove, and the 
phase-change recording layer (3) is located 
overlying the transparent substrate (1), and 
wherein irradiation is performed along the at 25 
least one of concentric grooves and a spiral 
groove, 

wherein a 0 signal having a signal width nT is 
recorded or rewritten using continuous laser light 30 
having a power level Pe, and a 1 signal having a 
signal width nT is recorded or rewritten using a light 
pulse train which has a first pulse portion fp having 
a power level Pw and a pulse width xT, a multi-pulse 
portion mp in which a number (n-n') of high level 35 
pulses each having a power level of Pw' and a pulse 
width yT, and, if (n-n') > 1, a low level pulse which 
is located between two of the high level pulses and 
has a power level Pb and a pulse width (1 -y)T are 
applied, and an end pulse portion ep having a power 40 
level Pb' and a pulse width zT, wherein T is a clock 
time, each of n and n' is independently a positive 
integer and n is greater than n\ and wherein each 
of Pw and Pw* is greater than Pe, Pe is greater than 
each of Pb and Pb', and at least one of x, y and z is 45 
in a range as follows: 

0.35 ^ x ^ 0.75, 0.30 ^ y ^ 0.55, 0.35 ^ z ^ 
0.70. 

so 

The optical information recording method according 
to Claim 1 , wherein the irradiating step is performed 
while the optical information recording medium(1 1 ) 
rotates at a linear speed of from V m/s to 3V m/s, 
and wherein V is from 3 to 1 3. 55 
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in a range as follows: 

0.35 ^ x ^ 0.75, 0.30 ^ y ^ 0.55, 0.35 ^ z ^ 
0.70. 

7. The optical information recording apparatus ac- 
cording to Claim 6, wherein the pickup (13) irradi- 
ates the optical information recording medium (11) 
while the disk drive (12) rotates the optical informa- 
tion recording medium (11) at a linear speed of from 
V m/s to 3V m/s, and wherein V is from 3 to 1 3. 

8. The optical information recording apparatus ac- 
cording to Claim 6 or 7, wherein the at least one of 
concentric grooves and a spiral groove is wobbled 
in a radius direction of the optical information re- 
cording medium at a period of from 4.0 urn to 4.6 

JJ.I71. 

9. The optical information recording apparatus ac- 
cording to any one of Claims 6 to 8, wherein the 1 
signal is recorded or rewritten while the at least one 
of x, y and z is at a fixed value in the range thereof. 

10. The optical information recording apparatus ac- 
cording to any one of Claims 6 to 9, wherein the 0 
signal and 1 signal are recorded or rewritten while 
the power levels Pw, Pw*, Pe, Pb and Pb' are con- 
trolled such that the recorded or rewritten signals 
have a jitter oVT not greater than 9 %, a modulation 
degree not less than 0.55 and a reflectance not less 
than 16 % when the recorded or rewritten signals 
are reproduced. 

11. An optical information recording medium compris- 
ing: 

a single plate disk (10) comprising: 

a transparent substrate (1) having at least 
one of concentric grooves and a spiral 
groove, 

a lower protective layer (2) located overly- 
ing the transparent substrate (1), 
a phase-change recording layer (3) located 
overlying the lower protective layer, 
an upper protective layer (4) located over- 
lying the recording layer (3), 
a reflection layer (5) located overlying the 
upper protective layer (4) and; 
.an overcoat layer (6) located overlying the 
reflection layer (5), 



10 



15 



20 



25 



30 



rewritten using continuous laser light having a pow- 
er level Pe, and the 1 signal is recorded or rewritten 
using a light pulse train which has a first pulse por- 
tion fp having a power level Pw and a pulse width 
xT, a multi-pulse portion mp in which a number (n- 
n') of high level pulses each having a power level of 
Pw 1 and a pulse width yT, and, if (n-n') > 1 , a low 
level pulse which is located between two of the high 
level pulses and has a power level Pb and a pulse 
width (1-y)T are applied, and an end pulse portion 
ep having a power level Pb 1 and a pulse width zT, 
wherein T is a clock time, each of n and n* is inde- 
pendently a positive integer and n is greater than 
n\ wherein each of Pw and Pw* is greater than Pe, 
Pe is greater than each of Pb and Pb\ and at least 
one of x, y and z is in a range as follows: 



0.35 
0.70. 



^ X ^ 0:75, 0.30 ^ y < 0.55, 0.35 ^ Z s 



12. The optical information recording medium accord- 
ing to Claim 11 , wherein the optical information re- 
cording medium (11) stores information, and where- 
in the 1 signal is recorded or rewritten while the at 
least one of x, y and z is at a fixed value in the range 
thereof using the information. 

13. The optical information recording medium accord- 
ing to Claim 11 or 12, wherein the at least one of 
concentric grooves and a spiral groove is wobbled 
in a radius direction of the optical information re- 
cording medium at a period of from 4.0 pm to 4.6 
.urn. 



35 14. The optical information recording medium accord- 
ing to any one of Claims 11 to 13, wherein the 0 
signal and 1 signal are recorded or rewritten while 
the power levels Pw, Pw*, Pe, Pb and Pb' are con- 
trolled such that the recorded or rewritten signals 
have a jitter oVT not greater than 9 % : a modulation 
degree not less than 0.55 and a reflectance not less 
than 16 % when the recorded or rewritten signals 
are reproduced. 



45 



50 



40 



wherein a 0 signal having a signal width nT 
and 1 signal having a signal width nT are recorded 
or rewritten in the phase-change recording layer (3) 
along the at least one of concentric grooves and a 
spiral groove, wherein the 0 signal is recorded or 
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